Abstract: Standardization and accreditation of fellowship training have been considered in the field of neuroanesthesiology. A prior survey of members of the Society for Neuroscience in Anesthesiology and Critical Care (SNACC) suggested strong support for accreditation and standardization. In response, SNACC created a Task Force that developed curricular guidelines for neuroanesthesiology fellowship training programs. These guidelines represent a first step toward standards for neuroanesthesiology training and will be useful if accreditation is pursued in the future.
T he topic of standardization and possible accreditation of neuroanesthesiology fellowships has been discussed in the literature for almost a decade. In 2010, the Society for Neuroscience in Anesthesiology and Critical Care (SNACC) conducted a survey of its members regarding neuroanesthesiology fellowships. 1 The respondents were primarily academic neuroanesthesiologists who demonstrated strong support for fellowship accreditation; no accrediting body was specified. In addition to adult clinical neuroanesthesia, respondents voiced strong support for neurocritical care, neuromonitoring, and neuroradiology as important clinical rotations for a neuroanesthesiology fellowship. One year was considered optimal for fellowship training. On the basis of these results, SNACC convened a task force to explore accreditation of neuroanesthesiology fellowships through the American College of Graduate Medical Education (ACGME). This task force appointed 4 SNACC members as a subcommittee to develop a 1-year curriculum based on ACGME competencies.
PROCESS
Members of the subcommittee conducted a review of neuroanesthesiology fellowship curricula throughout the United States and used an ACGME-style curriculum from 1 program as a template that underwent modification based on data from the SNACC survey and curricular elements from various programs. A basic curriculum (consisting of various 4-wk modules) was developed by the subcommittee and submitted to the Chair of the task force; review by the Chair prompted further revision of the curriculum. In parallel, the Chair of the task force conducted a survey of directors of neuroanesthesiology fellowship programs listed on the SNACC Web site (n = 26) to assess the potential for compliance with and feasibility of any proposed curriculum. Data regarding the fellowship characteristics, as reported by 13 respondents (for 50% response rate), are outlined in Tables 1-5 . Using the 1-year curriculum and data from the survey as a basis for discussion, a meeting of neuroanesthesiology fellowship directors was held at the International Anesthesia Research Society Annual Meeting in 2012. There was a strong consensus that (1) developing curricular guidelines for neuroanesthesiology fellowships was important but that (2) SNACC should not pursue ACGME accreditation at this time. The basic curricular elements prepared by the subcommittee were critically reviewed by the neuroanesthesiology fellowship directors in attendance and modified until consensus was achieved. The resulting guidelines were additionally reviewed and approved by the executive committee of SNACC as well as the Chair and other senior members of the fellowship task force.
CRITERIA FOR PROGRAM DIRECTORS
These guidelines focus on the curricular elements of a neuroanesthesiology fellowship and are recommended for implementation by departments of anesthesiology having accredited anesthesiology training programs. However, certain criteria for neuroanesthesiology fellowship program directors are desirable for maintaining a high level of training. Although neuroanesthesiology fellowship program directors will be selected by leadership at their home institutions, we suggest that the following characteristics of a program director will be associated with a higher likelihood of successful fellowship training. First, the program director should be board certified by the appropriate credentialing institution (eg, in the United States, the American Board of Anesthesiology). Second, the program director should devote the majority of his or her clinical time to neuroanesthesia; involvement in neurocritical care is also considered beneficial. At least 3 years of clinical practice experience is recommended. Third, the program director should have a documented record of scholarly activity in neuroanesthesiology (broadly construed) in the past 5 years. Finally, the program director should be an active member of the national or international organizations related to neuroanesthesiology or neurocritical care. Ideally, neuroanesthesiology teaching faculty within the division or department should also meet these criteria.
USE OF THESE GUIDELINES
The goal of creating these guidelines was to establish a consensus on what constitutes minimally acceptable fellowship training in neuroanesthesiology. The guidelines can be used as a benchmark for currently existing programs and a resource for developing new fellowship programs in neuroanesthesiology. The guidelines represent a first step toward basic standardization of neuroanesthesiology fellowship training across the United States and will help to provide a foundation should SNACC choose to pursue ACGME or other accreditation in the future.
The curriculum below is built upon the unit of 4-week modules for clinical neuroanesthesia (6 modules), neurocritical care (1 module), neuroradiology (1 module), neuromonitoring (1 module), and neuroscience scholarship (1 module). These elements are considered to be essential to neuroanesthesia fellowship training and constitute 40 calendar weeks. The remaining 12 weeks are left for elective rotations, which may include additional 
DESCRIPTION OF FELLOWSHIP MODULES
Clinical Neuroanesthesia (6 Four-wk Modules)
Adult Neurosurgical Patients
Curriculum: Each fellow should be competent in the preanesthetic evaluation and perioperative management of patients undergoing neurosurgical procedures. These include intracranial, spine, and peripheral nerve surgeries, as well as interventional neuroradiologic procedures. The rotation for Adult Neurosurgical Patients consists of 6 mandatory modules. During this rotation, fellows develop expertise in the care of neurosurgical patients, including at least 40 craniotomies (supratentorial and infratentorial), 40 spine surgeries, and any additional interventional neuroradiology cases beyond those obtained in the separate interventional module (described below). Of the intracranial procedures, at least 3 should be awake craniotomies, 3 should be craniotomies for seizure focus localization or excision, and 8 should be craniotomies for intracranial vascular lesions including intracranial aneurysms and arteriovenous malformations. In addition to the craniotomies, the fellows should be involved in the management of at least 5 intracranial shunt procedures. It is anticipated that many craniotomies will be performed for the resection of mass lesions such as tumors, but it is desirable that the fellows gain experience in anesthetic management of traumatic brain injury, endoscopic neurosurgery, and sitting position craniotomy. The spine cases should include anterior and posterior approaches and involve instrumentation in at least 10 cases. Involvement in the management of a mixture of spine cases including the cervical, thoracic, and the lumbar spine, as well as variety of pathologies (such as spinal tumors, trauma, scoliosis, degenerative diseases, and oncologic) is required of the fellow. The interventional neuroradiology cases should involve intracranial vascular coiling and embolization, stenting, and angioplasty. The fellow should also participate in the educational conferences including problem-based discussions, all relevant presentations related to neuroanesthesia, and journal clubs.
Competencies: At the conclusion of each module of this rotation, the evaluation will depend on the performance in each competency adjusted for expectations based on the length of time already completed in clinical neuroanesthesia rotations. The 4 nonmedical competencies (Practice-Based Learning and Improvement, Systems-Based Practice, Professionalism, Interpersonal Skills) will not be included in the guidelines below.
Patient Care: At the conclusion of the 6 clinical rotations, the fellow must be able to:
1. Perform a basic neurological examination. 2. Recognize the need for advanced airway management to facilitate safe airway control in patients at risk for neurological injury during tracheal intubation. 3. Establish hemodynamic parameters according to the patient baseline, pathology, and surgical procedure, and adjust hemodynamic parameters in a dynamic manner depending on the clinical course. 4. Understand and apply principles of neuroprotection using physiological and pharmacologic means. 5. Manage intracranial hypertension using physiological, pharmacological, and positioning techniques. 6. Manage cerebral and spinal perfusion pressure appropriately with respect to underlying neuropathology. 7. Be aware of anesthetic considerations in cases involving neurophysiological monitoring and choose anesthetic techniques that facilitate monitoring. 8. Manage spinal and ventriculostomy drains, as well as intracranial pressure (ICP) monitors. 9. Prevent and manage complications related to patient positioning. 10. Manage awake craniotomy and deep brain stimulator placement cases during which an alert patient is needed for monitoring during the procedure. 11. Perform a scalp block. 12. Manage intraoperative complications such as venous air embolism. 13. Manage transfusion requirements in complex spine cases. 14. Plan and execute rapid emergence after neurological interventions. 15. Care for patients undergoing diagnostic neuroradiologic procedures with anxiety, claustrophobia, or other psychological/psychiatric conditions. Medical Knowledge: At the conclusion of the 6 rotations the fellow must demonstrate advanced knowledge of:
1. Neuroanatomy of the normal brain, spine, and major peripheral nerves. 2. Intracranial and spinal blood supply and accompanying changes in pathophysiological conditions. 3. Principles of cerebral blood flow regulation such as autoregulation, chemoregulation, and cerebral metabolic rate. 
Pediatric Neurosurgical Patients
Curriculum: Fellows who desire experience in the clinical care of pediatric neurosurgical patients can be offered an elective rotation focused on pediatric neuroanesthesiology. This module would be a 4-week-long rotation during which the fellows will be involved in perioperative and anesthetic care of pediatric patients undergoing neurosurgical procedures including intracranial, spinal, and peripheral nerve procedures, as well as interventional neuroradiology. Intracranial procedures will include those described in adults but with more emphasis on the treatment of diseases affecting the pediatric population. Involvement of the central nervous system is frequently seen in pediatric patients with genetic and metabolic dysfunction. These patients have specific anesthetic challenges including (1) airway issues; (2) anomalies of the cardiac, genitourinary, and pulmonary systems; and (3) specific limitations in the anesthetic agents that may be used. Spine cases in the pediatric population include corrective procedures with instrumentation that may involve ventilation challenges related to restrictive lung disease. Shunt placements are also an important part of pediatric neurosurgery. Rotation in pediatric neurosurgery should only be elected after successful completion of at least 2 rotations in adult neurosurgical anesthesiology. The fellows should also participate in the educational conferences in the pediatric anesthesia division including problem-based discussions, resident presentations, and journal clubs.
Patient Care: At the conclusion of this rotation, the fellow should be able to: 1. Perform preoperative evaluation in patients with information gathered from previous history, history obtained from adults accompanying the pediatric patient, physical examination, and laboratory data. 2. Perform difficult intubations commonly seen in these patients. 3. Provide measures to decrease preoperative anxiety in these patients without jeopardizing mental status or ventilation. 4. Differentiate methods of inserting invasive monitoring lines in the pediatric age group. 5. Implement knowledge acquired during rotations in adult neurosurgical anesthesiology regarding cerebral physiology and pharmacology, hemodynamic monitoring, transport, intraoperative monitoring, pharmacologic effects of antiepileptic medications, while understanding the differences in each for the pediatric population. Medical Knowledge: At the conclusion of this rotation, the fellow must demonstrate advanced knowledge of: 1. Basic anatomic and physiological differences in the central and peripheral nervous system between adult and pediatric patients. 2. Pharmacological effects of anesthetic and antiepileptic medications in pediatric patients. 3. Neurological manifestations of metabolic and genetic syndromes and their implications for anesthetic management. 4. Indications, contraindications, and possible complications of invasive monitoring in pediatric patients. 5. Age-dependent and pathology-dependent hemodynamic goals for adequate cerebral perfusion in pediatric patients. 6. Maintenance of adequate perfusion in spine procedures. 7. Management of increased ICP in pediatric patients. 8. Identification of disorders and conditions with a higher rate of uncommon but life-threatening anesthetic complications in the pediatric population such as latex allergy and malignant hyperthermia. management of patients who are candidates for interven
